From the work of many it has been established that fresh raw milk will inhibit for a time the growth of a variety of organisms.
Thus Hesse (1) noted that raw milk suppressed the growth of B. typhosus and the cholera vibrio. Park (2) recorded a decrease in the number of organisms in milk stored at 42°F. for 24 hours, a moderate increase being found when the sample was kept at 50°F. The inhibitory property became less efficient when the milk was kept at room temperature. Rosenau and McCoy (3) likewise studied the phenomenon and concluded that there is diminution in the number of organisms during the first 8 or 10 hours of incubation with a rapid growth thereafter. The action was more prolonged but less intense at 15°C. Jones and Little (4) working with the mastitis streptococcus always recorded definite inhibition during the first 4 hours of incubation and frequently multiplication did not take place during 6 or 8 hours.
Many views have been advanced in explanation of the phenonenon. Most workers favor the opinion that the milk substance is identical with blood alexin and is directly derived from the blood. On the other hand Rosenau and McCoy suggest that the lower counts after incubation in raw milk are explicable on the ground of agglutination and he infers that phagocytosis by leucocytes contained in milk may be in part responsible for the decrease. Stocking (5) suggests that the lack of adaptation for growth in milk of the organisms employed in the experiments may be responsible for the phenomenon. Others believe that milk contains a definite bactericidal substance. This view may be said to be supported by Heinemann (6), Chambers (7), Hanssen (8) , and Jones and Little. Hanssen explains the bacterial growth-inhibitory principle on the basis of the presence of oxidizing enzymes which originate in the food and reach the udder from the circulation. Jones and Little regard the substance as one resembling alexln but originating in the udder and differing from blood alexin. 877
From the work of others and previous work done in this laboratory sufficient evidence exists that there is in cow's milk a substance which is capable of restraining the growth of certain bacteria for definite periods. Little is known concerning the properties of the growthinhibitory principle. Heinemann showed that it was destroyed when boiled or heated to 60°C. for 30 minutes. Chambers noted destruction at 80 ° or 90°C. for 2 minutes. Hanssen records that milk heated at 63°C. for 20 minutes and 70°C. for 15 minutes still retained its inhibitory activity although 75°C. for 15 minutes inactivated the substance. Jones and Little found that 62°C. for 20 minutes failed to appreciably affect the substance although 65 ° or 70°C. for like periods slightly altered its effectiveness; 80°C. for the same period, or boiling for 5 minutes completely inactivated it. They also showed that whey from milk coagulated by rennet contained the inhibitory principle in practically the same concentration as the original milk.
With the aim of obtaining more information about the principle a number of observations were made.
Method.
Since the methods used in the previous work had proved satisfactory the same general procedure was adopted. The milk was drawn directly from the cleansed udder, chilled, centrifuged at high speed and thus largely freed of fat, and heated at 58°C. for 20 minutes. Heating is usually advisable to rid the milk of organisms originating in the udder. After chilling it was distributed in amounts of 1 cc. into sterile agglutination tubes containing a glass bead. The tubes were then inoculated with a standard loop of 16 hour broth culture, diluted 1:200, of the nonhemolytic mastiffs streptococcus, and incubated. All tubes were shaken at halfhourly intervals during the observations. For control purposes a portion of the milk or whey was boiled for 5 minutes and distributed and inoculated in the same manner. The contents of each tube was plated after definite intervals with 10 cc. of 2 per cent agar prepared from veal infusion. The plate cultures were incubated for 24 hours at 38°C. and the colonies counted.
Time of Maximum Concentration.
It is known that the concentration of the substance in the milk of young cows may be as great as in older cows. However, it is not known how soon after parturition it reaches its maximum in the secretion. In answer to this question the following observation is cited.
Experiment/.--The colostrum and milk from cows were tested. A sample was obtained daily and refrigerated at 2-3°C. until three were on hand. They were then tested. The milk and colostrum in this experiment were heated at 60°C. for 20 minutes before they were inoculated. The protocol in Table I represents the findings in one instance. Table I it is apparent that the inhibitory principle is present in the colostrum of the 1st day but is not quite as effective as after a few days. This is not surprising since colostrum is largely an accumulated product composed to a considerable extent of blood serum proteins. The inhibitory action of the blood derivative would be inactivated at the temperature (60°C.) to which the colostrum and milk were subjected before the tests. During the first 4 or 5 days the concentration in the secretion of the inhibitory principles is more or less variable. After this time the results are more uniform. From the findings at later periods, not recorded in the protocol given, it is certain that the principle is present in about its maximum activity after the 6th or 7th day.
Distribution in the Quarters of the Udder.
It seems logical to assume that the amount of the inhibitory principle would be relatively uniform in the secretion from the various Experiment 2.--The milk from each quarter of two cows was drawn into separate bottles. It was chilled, centrifuged to free it from fat, and heated at 60°C. for 20 minutes; then distributed and inoculated with the usual amount of dilute broth culture. Plate cultures were prepared as usual and the plates counted after suitable incubation. The results are given in Table II. From the evidence submitted in Table II it is clear that the concentration of the inhibitory substance in the secretion from various quarters varies considerably. In the case of Cow 82 milk from the right hind quarter completely inhibited growth during the first 6 hours and considerable inhibition was noted during 8 hours. The milk from the left hind quarter inhibited during the first 2 hours but not thereafter. That from the other quarters was more efficient in this regard but not equal to that obtained from the right hind quarter. The same is true of the milk of Cow 07, the milk from the right fore quarter being more inhibitory than that from the others. It would appear that the milk from the right half of the udder contained more of the principle than that from the left. The secretion from four other cows showed similar variations. One might suppose the difference to be due to such factors as a more liberal inflow of blood serum to certain quarters or to an expenditure of the principle upon bacteria within the udder. But when the serum content of the milk specimen is measured by serum precipitin marked differences are not apparent. Furthermore the milk from a quarter invaded with streptococci may be equally as efficient in inhibiting growth under experimental conditions as that from uninvaded quarters.
The Effect of Milk from Various Quarters on the Growth of the Mastitis Streptococcus.

Reactivation of the Principle.
If the inhibitory principle in milk is of amboceptor-complement nature, then it should be possible to inactivate it by heat and restore the activity by the addition of a little fresh milk. In order to test this point the following experiment was devised.
Experiment &--Milk from a single cow was obtained as usual. After freeing of fat, it was distributed in sterile tubes in amounts of 9 cc., and all tubes heated at 58°C. for 20 minutes. After chilling, two tubes were heated at 60°C. for 2½ hours, two others at 80°C. for 20 minutes, and a fifth was boiled for 5 minutes. 1 cc. of the milk heated at 58°C. for 20 minutes was added to the contents of one tube of milk which had been heated at 60°C. for 2½ hours, and a similar amount added to one of the tubes heated for 20 minutes at 80°C. The various portions were distributed in the small tubes and inoculated and tested as usual. The complete series then comprised milk heated at 58°C. for 20 minutes; two lots of milk heated for 2½ hours at 50°C., to one of which active milk was added; two lots of milk heated at 80°C., one of which was activated; and the boiled milk. The results of the tests are given in Table III. The experiment was repeated with similar results. It is evident that 60°C. for 2~ hours does not completely inactivate the milk. The effect of adding the active milk is readily apparent but cannot be regarded as reactivation since the substance in the active milk, combined with that still left after heating at 60°C. for 2½ hours, would be sufficient to give considerable inhibition. The results with the series which were heated at 80°C. are in agreement with this view. In my hands this temperature has been the lowest at which the principle becomes completely inactive, yet the addition of active milk restores to only a slight degree the inhibitory effect. In other experiments it has been possible to show that as little as 10 or 20 per cent of fresh milk added to boiled milk will influence the multiplication 
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Innumerable during the first 2 hours. It seems reasonable to assume then that the substance in milk is not inactivated by heat in the sense that complement is, but that heating sufficiently to impair the inhibitory action of the milk results in actual destruction.
Filtrability of the Principle.
Is it possible to pass the inhibitory principle through filters that hold back the formed elements of the milk? From previous work it is known that whey obtained by coagulation with rennet contains the inhibitory substance. Since whey is readily faltered it was used in the following experiment.
Experimen~ 4.--Samples of milk from two cows, obtained as usual, were freed Of fat, mixed, and heated at 58°C. for 20 minutes. To each 150 cc. of milk, 2.5 co. of rennet solution (1 rennet tablet dissolved in 10 cc. of 0.85 per cent NaC1 solution and passed through Berkefeld candle V) was added, and after suitable incubation the whey was collected and stored in the refrigerator at 3°C. overnight. Next morning 30 cc. portions were passed rapidly through Berkefeld candles V, N, and W under a pressure of 58 to 60 ram. The unfiltered and filtered portions and whey boiled for 5 minutes were then distributed and inoculated as usual. The results of the test are given in Table IV . The bactericidal principle contained in whey readily passes through the pores of a Berkefetd candle V, and its activity is not appreciably impaired. A filter of N fineness withholds most of it, inhibition being noted only during the first 2 hours. The W candle takes out almost all since whey passed through this filter behaves in general like boiled whey.
The retention of the principle by filters can conceivably be due to adsorption. It is known that the removal of casein from milk during rennet coagulation fails to remove the inhibitory substance from the whey. The agent then is not readily adsorbed by the casein. The same holds true for the fat. The results of some experiments with other adsorbents are worthy of record, Experiment 5.--Finely ground kieselguhr, kaolin, bolus alba, and animal charcoal were washed repeatedly in distilled water and dried; then weighed in amounts of 1 and 2.5 gm. and sterilized in 50 cc. centrifuge tubes. Milk from two cows was freed of fat and heated at 58°C. for 20 minutes. To specified amounts of the adsorbents, 10 cc. of milk was added and the tubes shaken vigorously. The tubes were refrigerated 1 hour, again shaken, and then centrifuged for 10 minutes. The supernatant fluids were distributed as usual, inoculated, and tested. Inasmuch as milk mixed with 2.5 gin. of adsorbent behaved in a manner identical with that containing only 1 gin., the results of adsorption with the larger amount only are given in Table V. The data given in Table V are derived from two separate sets of observations. The tests in which kieselguhr and kaolin were used were done in duplicate with the milk from two cows, the results of only one series being here given. The bolus alba and animal charcoal tests were made later and were likewise done in duplicate. For this reason control findings of two lots of untreated and two lots of boiled milk are given. All the adsorbents used are negatively charged. Those that failed to adsorb the substance are slightly acid (pH 6.2 to 6.5). The animal charcoal had a pH of 7.2.
It can be said that the inhibitory principle is not adsorbed by casein, fat, kieselguhr, kaolin, or bolus alba, although considerable is taken out by animal charcoal. In this connection it is of interest to point out that blood complement is removed by kieselguhr.
The Effect of Desiccation.
A further series of experiments was undertaken to determine whether the inhibitory principle would withstand desiccation and, for the purpose, in addition to the material prepared in the laboratory commercial dried milks were employed. Several methods were employed for desiccation. Whey or milk was placed in thin collodion membranes and hung in a current of warm air. Dr. Henry Simms of this Department dried certain material by means of low pressure distillation. But the most efficient method was in vacuo over sulfuric acid in the refrigerator. This last method usually took 6 or 7 days. The dried material went into solution readily. Experiment 6.--13 gin. of two brands of commercial milk powder was dissolved in 87 cc. of sterile distilled water. The milk was then freed of fat by centrifugation and both products heated at 58°C. for 20 minutes, a necessary precaution since both contained organisms. They were then distributed, inoculated, and tested as usual. The results are given in Table VI. The differences in the concentration of the principle in the two samples are sharp. Product A was as good a culture medium when heated at 58°C. as it was when boiled. It appears that the principle was completely destroyed during the drying process. Product B had a well defined bacterial inhibitory action which was destroyed by boiling.
With milk or whey dried in the laboratory the results showed that the inhibitory princiule would withstand drying but they were not as striking as with commercial product B. This is brought out in Experiment 7.
Experimen~ 7.--Fat-free milk heated at 58°C. for 20 minutes was distributed in thin layers in sterile wide mouth bottles and desiccated over H2SO~ in vacuo. Low pressure was maintained by the use of an oil pump twice daily. Between evacuations the jars were stored at a temperature of 3 ° or 4°C. Under these conditions 7 days was required for complete drying. The residue before use was dissolved in sterile distilled water and the product tested in the usual manner. ~ome of the material was tested as soon as possible and the remainder in the form of dry residue stored in the room and dissolved and tested 18 days later. The results are given in Table VII . 
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The milk used in the experiment would completely inhibit growth for 6 hours and markedly influence it for 8 hours, but the dried preparation was not quite as efficient in this regard. Storage of the dried material at room temperature led to further inactivation. Desiccation by evaporation through collodion membranes over CaCI~, or by low pressure distillation, led to no better results. Some of the substance always remained in the residue but never to the same concentration as in the original material and its activity deteriorated on standing.
If it were possible to obtain the substance in a concentrated form, considerably more could be learned of its properties. When one or two volumes of alcohol is added to whey and the supernatant and residue completely freed of alcohol by low pressure distillation, both products, added to boiled milk, fail to inhibit growth. One may assume then that alcohol destroys the principle.
It was hoped that the agent adsorbed on particles of charcoal could be redissolved in more concentrated form. Several experiments were made in which milk was adsorbed with charcoal and the charcoal mixed with dilute acids and alkali, dilute phosphate solutions, physiological sodium chloride solution, and distilled water, and permitted to stand for several days in the refrigerator, the supernatantsolutions finally being added to boiled milk and tested. It was possible to obtain a little inhibition with the extracts of weak alkali, phosphate, and sodium chloride, but the results obtained were not encouraging enough to warrant further work. DISCUSSION. Substances contained in a complex fluid like milk may be attached to or so closely associated with some of the other components that their true behavior may be masked. Granting this the inhibitory principle must yet be regarded as a definite constituent of cow's milk which is secreted with the colostrum and early milk. Other observations not reported in this paper indicate that the substance is present in the milk throughout the lactation period. It is a characteristic ingredient of the milk, being present, according to our experience, in the secretion of all cows though it is true that its concentration varies in different animals and may even vary in the milk from different quarters of the same udder.
It has already been stated that several views are prevalent regarding the nature of the principle. Stocking's contention that milk affords an improper medium for the test organisms is open to question in view of the fact that boiling milk for 5 minutes renders it an admirable medium. Further the organism employed throughout the test is an udder inhabitant and so far as can be learned exists only in milk. The action of phagocytes is ruled out in milk that is heated at 58 ° or 50°C. for 20 minutes and further by the results of the filtration experiments. Agglutination of the streptococcus was not found on microscopic examination. Some have supposed the principle to be blood alexin, others that it is a ferment derived from food, and yet others that it is an alexin-like substance originating in the udder.
The third view would seem to be the most reasonable. It is known that blood alexin loses its antibacterial action when diluted, and it must be greatly diluted in milk in the light of the fact that serum globulin is present in milk in small quantities only. The milk substance is much more resistant to heat than blood alexin. Unlike alexin once its activity is impaired by heat it cannot be reactivated by active milk. It is not adsorbed by the same class of adsorbents. Colostrum, which contains a large proportion of blood serum, inhibits bacterial growth even when heated to 60°C., a temperature sufficient to inactivate blood alexin.
The inhibitory substance in milk may serve to protect the udder from the growth of many types of organisms. The usual period of bacterial inhibition for which it is responsible corresponds roughly to the period between feedings by the calf which would empty the udder under natural conditions. SUMMARY.
Certain of the properties of the bacterial agent in milk have been studied. The substance is present in the colostrum and milk of the first few days of lactation as well as later. Its concentration varies in the secretion from various quarters of the same cow. Its activity is diminished by heat and cannot be restored again by the addition Of active milk. The principle is present in whey and readily passes through the coarsest Berkefeld filter although a considerable portion is retained by N candles. The finest filter (W) completely retains it. it is adsorbed by animal charcoal but not by kaolin, kieselguhr, or bolus alba. It can be desiccated and its presence has been demonstrated in one brand of dried milk.
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